Novel heterocyclic analogues of firefly luciferin.
Five novel firefly luciferin analogues in which the benzothiazole ring system of the natural substrate was replaced with benzimidazole, benzofuran, benzothiophene, benzoxazole, and indole were synthesized. The fluorescence, bioluminescence, and kinetic properties of the compounds were evaluated with recombinant Photinus pyralis wild type luciferase. With the exception of indole, all of the substrates containing heterocycle substitutions produced readily measurable flashes of light with luciferase. Compared to that of luciferin, the intensities ranged from 0.3 to 4.4% in reactions with varying pH optima and times to reach maximal intensity. The heteroatom changes influenced both the fluorescence and bioluminescence emission spectra, which displayed maxima of 479-528 and 518-574 nm, respectively. While there were some interesting trends in the spectroscopic and bioluminescence properties of this group of structurally similar substrate analogues, the most significant findings were associated with the benzothiophene-containing compound. This synthetic substrate produced slow decay glow kinetics that increased the total light-based specific activity of luciferase more than 4-fold versus the luciferin value. Moreover, over the pH range of 6.2-9.4, the emission maximum is 523 nm, an unusual 37 nm blue shift compared to that of the natural substrate. The extraordinary bioluminescence properties of the benzothiophene luciferin should translate into greater sensitivity for analyte detection in a wide variety of luciferase-based applications.